The perinatal HIV epidemic began in the United States in 1977. Currently, an estimated 6000 to 7000 births occur annually to HIVinfected women. [1] [2] [3] Beginning in the mid1990s, the use of antiretroviral therapies to prevent perinatal HIV transmission resulted in a decline in the number of perinatally HIVinfected infants born each year in the United States, from an estimated 1000 to 2000 in the early 1990s to 100 to 200 in 2005. 3, 4 Successes in prevention of perinatal HIV transmission were first shown in 1994 with the landmark Pediatric AIDS Clinical Trials Group Protocol 076 Study of prenatal, intrapartum, and neonatal treatment with zidovudine 5, 6 and subsequently with regimens containing prenatal zidovudine in combination with other antiretroviral agents. 7 Short-course antiretroviral therapies were also effective in reducing perinatal HIV transmission. [8] [9] [10] [11] [12] [13] In 1999, recommendations were made by the American College of Obstetricians and Gynecologists that HIV-infected pregnant women be offered scheduled cesarean delivery for perinatal HIV prevention. 14 The recommendations were refined in 2000 to offer scheduled cesarean delivery for women with HIV RNA levels above 1000 copies/mL, 14, 15 a level that carries an increased risk of perinatal HIV transmission. [16] [17] [18] [19] Since the beginning of the perinatal HIV epidemic in the United States, New York City has been at its epicenter. As of 2003, 22% of the cumulative US pediatric AIDS cases were reported from New York City. 20 Since 1988, the New York State Department of Health has tested all newborns for HIV exposure, initially as a blinded serosurvey and since 1997 through the Comprehensive Newborn Screening Program, allowing for identification of all perinatally HIVexposed infants. 21, 22 We investigated trends in interventions for perinatal HIV prevention in New York City over a 10-year period.
METHODS
The New York City Department of Health and Mental Hygiene HIV Epidemiology Program has been conducting routine citywide surveillance for AIDS since 1981 and for HIV infection since June 2000. Since 1989, the program has participated in Centers for Disease Control and Prevention (CDC)-funded pediatric HIV/AIDS surveillance projects at 22 New York City sites. The 22 sites include both private and public hospitals. The sites provide medical care to approximately two thirds of children exposed to and infected with HIV in New York City.
Study Population and Data Collection
The study population included all known HIV-exposed singleton births that occurred in 1994 to 2003 at the 22 New York City surveillance sites. ''HIV-exposed births'' were births in which the infant was born to an HIV-infected mother. The percentage of New York City HIV-exposed births evaluated was calculated by using the total number of New York City HIV-exposed births available from New York State's newborn HIV serosurvey and Comprehensive Newborn Screening Program data as the denominator.
The HIV infection status was determined according to the CDC definition, 23 with a modification for ''presumed uninfected,'' defined as at least 2 negative DNA polymerase chain reaction tests performed at age 1 month or older and at age 2 months or older and no HIV diagnostic tests with positive results. Medical records of HIV-infected children were reviewed every 6 months unless the child was no longer in care at 1 of the 22 sites or had died. Medical records of HIVexposed, HIV-uninfected, or HIV-indeterminate children were reviewed until the child Objectives. We examined trends in perinatal HIV prevention interventions in New York City implemented during 1994 to 2003 to ascertain the success of the interventions in reducing perinatal transmission.
Methods. We used data obtained from infant records at 22 hospitals. We used multiple logistic regression to analyze factors associated with prenatal care and perinatal HIV transmission.
Results. We analyzed data for 4729 perinatally HIV-exposed singleton births. Of mothers with prenatal care data, 92% had prenatal care. The overall proportion who received prenatal care and were diagnosed with HIV before delivery was 86% in 1994 to 1996 and 90% in 1997 to 2003 Data on maternal characteristics were obtained from the pediatric medical records and included receipt of prenatal care (care in addition to pregnancy testing), timing of maternal HIV diagnosis, prenatal and intrapartum antiretroviral drug use, and mode of delivery. Data on maternal illicit drug use-including injection drug use, crack cocaine use, and use of other street drugs-were collected. Data were not collected on maternal adherence to prenatal antiretroviral therapies or on maternal clinical, immunologic, or virologic status. Data on infants included race/ethnicity, source of medical insurance if any, gestational age, neonatal antiretroviral drug use, dates of antiretroviral drug use, whether they were breastfed (but not duration), and infant HIV-infection status. ''Threearm therapy'' refers to therapy prescribed during the prenatal, intrapartum, and neonatal periods. Pediatric source of medical insurance was used as a proxy for maternal source of medical insurance and infant race/ethnicity as a proxy for maternal race/ethnicity.
Data Analysis
We examined trends in interventions for perinatal HIV prevention over a 10-year period for 1994 to 2003. The first recommendations to use zidovudine to prevent perinatal HIV transmission were made at the beginning of this period. 6 We divided the study (1) provision of prenatal care, (2) identification of HIV-infected women among women in prenatal care, and (3) provision of prenatal antiretroviral drug therapy among women in prenatal care identified as HIV-infected. ''Perinatal HIV-prevention failures'' refers to infants who became HIVinfected despite undergoing all 3 steps and the completion of 3-arm antiretroviral therapy. Births with incomplete information on these events were excluded from analysis.
For the 1997 to 2003 birth cohort, we used multiple logistic regression analyses to evaluate factors associated with outcomes of perinatal transmission prevention failures, lack of prenatal care, and perinatal HIV transmission. For the logistic regression analyses, the adjusted odds ratios (ORs) and the corresponding 95% confidence intervals (CIs) are presented with the corresponding data. Variables for the logistic regression models were determined from the available literature, 16 and their significance was determined with univariate analyses. Year of infant birth, source of medical insurance, and race/ethnicity were confounders.
RESULTS
During 1994 to 2003, 5295 HIV-exposed births were identified at the 22 New York City surveillance sites (67% of all New York City HIV-exposed births from 1994 to 2003). During 1994 to 1996, HIV-exposed births at the 22 sites represented 54% of New York City HIV-exposed births, and during 1997 to 2003 represented 74% of such births. Among the 5295 HIV-exposed infants, 4729 (89%) were singleton births, 165 (3%) were multiple births, and 401 (8%) had an unknown birth type. We analyzed only the 4729 singleton births (which comprised 60% of all New York City HIV-exposed births during that time: 1378 births during 1994 to 1996, and 3351 births during 1997 to 2003). Figure 1 depicts the analytic cohorts of this study with regard to prenatal care, mode of delivery, and determination of perinatal HIV transmission rates by type of prenatal, intrapartum, and neonatal antiretroviral use. Table 1 shows infant and maternal characteristics of the 4729 singleton births by birth cohort. Overall, infant race/ ethnicity was predominantly Black (n= 3080; 65%) and Hispanic (n =1435; 30%). Medical insurance was predominantly provided through Medicaid or other public funding. The percentage of infants with a birthweight of 2500 g or more increased from 70% during 1994 to 1996 to 76% during 1997 to 2003.
Maternal injection drug use decreased from 23% in 1994 to 4% in 2003, and the use of crack cocaine and other street drugs decreased from 23% in 1994 to 15% in 2003. Injection drug use was reported for 374 mothers (8%). Any illicit drug use (injection drug use, crack use, and use of other street drugs) was reported for 26% of mothers (37% during 1994-1996 and 21% during 1997-2003) .
From 1994 to 2003, data on breastfeeding were available for 3923 infants (83%), and 87 of the 3923 infants (2%) were breastfed. No infant was breastfed in 2003.
Receipt of Prenatal Care
Prenatal care data were available for 3685 mothers (78%). Among women with data, 3384 (92%) had received prenatal care and 301 (8%) had received no prenatal care; prenatal care receipt increased from 81% to 87% during 1994 to 1996 and from 89% to 95% during 1997 to 2003.
Timing of Maternal HIV Diagnosis
As shown in Table 1 , among the whole sample, timing of diagnosis of HIV infection before or during pregnancy increased from 75% (n =1028 of 1378) during 1994 to 1996 to 83% (n = 2770 of 3351) during 1997 to 2003. Among the 3384 HIV-infected women in the study who received prenatal care, the proportion of those diagnosed with HIV before or during pregnancy increased from 86% during 1994 to 1996 to 90% during 1997 to 2003. During 1997 to 2003, 36% of women in the study who received prenatal care were diagnosed with HIV during (vs before) their pregnancies.
Antiretroviral Therapies
Among the 3384 deliveries in which mothers received prenatal care, 1204 women (36%) were prescribed prenatal antiretroviral regimens containing zidovudine alone (this decreased from 41% in 1994 to 10% in 2003), 1327 women (39%) were prescribed prenatal antiretroviral regimens containing zidovudine in combination with other antiretroviral drugs (this increased from 0% in 1994 to 76% in 2003), 114 women (3%) were prescribed antiretroviral regimens that did not contain zidovudine, 540 women (16%) did not receive antiretrovirals, and 199 women (6%) were missing data on antiretroviral regimens. Among the 1327 zidovudine combination regimens prescribed, 50% contained a protease inhibitor (of which 92% also contained a nucleoside analogue), 27% contained another nucleoside analogue only, 20% contained a nonnucleoside and a nucleoside analogue, and 3% contained unspecified antiretrovirals.
Ascertainment of neonatal antiretroviral prescription for all infants began in 1995; use of neonatal zidovudine alone increased from 65% in 1995 to 72% in 2003. Use of neonatal zidovudine in combination with other antiretrovirals began in 1998 and increased from 0.2% in 1998 to 24% in 2003.
Cesarean Delivery
The proportion of births by cesarean delivery increased from 15% in 1994 to 39% in 1999 (when the American College of Obstetricians and Gynecologists began recommending that scheduled cesarean deliveries be offered to HIV-infected pregnant women), and from 47% in 2000 to 55% in 2003. Among the 808 cesarean deliveries performed during 2000 to 2003, 59% (479) were performed for HIV transmission prevention only and 5% (41) were planned for HIV transmission prevention and became necessary for other medical reasons. Other reasons were obstetric or neonatal complications (145 births; 18%), repeat-elective cesarean delivery (88; 11%), and reasons unknown (55; 7%).
Perinatal HIV Transmission Rates
Among the 3351 infants born to women in the sample during 1997 to 2003, 239 were HIV-infected (7%) and 2588 were HIVexposed but uninfected (77%). For 524 infants (16%), HIV status could not be ascertained through medical record review. The overall perinatal HIV transmission rate decreased from 12% in 1997 to 1% in 2003. The perinatal HIV transmission rate was 4% among the 2432 infants whose mothers received any prenatal antiretroviral drugs, 16% among the 611 infants whose mothers did not receive any prenatal antiretroviral drugs, and 17% among the 308 infants whose mothers' prenatal antiretroviral use was unknown (regardless of intrapartum and neonatal antiretroviral therapies).
Perinatal HIV transmission rates were examined by prenatal, intrapartum, and neonatal antiretroviral use in 2125 infants (64%) born during 1997 to 2003 for whom complete data on maternal and neonatal antiretroviral drug use were available and for whom zidovudine was included in the regimen. the cesarean deliveries and 109 of the vaginal deliveries); all deliveries involved intrapartum and neonatal zidovudine alone. We did not find a significant difference in transmission rates between cesarean deliveries for HIV transmission prevention as sole indication and vaginal deliveries, stratified by prenatal antiretroviral therapy.
Missed Opportunities and Failures of Perinatal HIV Prevention
We performed a hierarchical evaluation of the relative contribution of perinatal HIV prevention interventions to describe missed opportunities and failures of perinatal HIV prevention for infants born during 1997 to 2003. As shown in Table 2 , 2547 (76%) of the 3351 infants born to HIV-infected women during 1997 to 2003 had complete data on prenatal and neonatal events. Of the births, 363 (14.3%) had at least 1 missed opportunity; an additional 337 (13.2%) had incomplete (1-or 2-arm) antiretroviral regimens. Among the 363 births with at least 1 missed opportunity, 63 infants (17.4%) were HIV-infected versus 53 infants (2.9%) among the 1847 deliveries in which all the recommended perinatal HIV prevention components were provided (i.e., perinatal HIV prevention failures). As shown in Table 2 , of the 140 HIV-infected infants born to HIV-infected women during 1997 to 2003, 45% of their mothers had missed opportunities, and of the 2013 uninfected infants from the same group, 11% of their mothers had missed opportunities (OR = 8.25; 95% CI = 5.48, 12.43). The most common missed opportunities were lack of prenatal care and failure to make a prenatal HIV diagnosis despite prenatal care ( Table 2 ). Among the 337 births with incomplete antiretroviral regimens, 7% of infants were infected.
We examined possible factors associated with perinatal HIV prevention failures, such as maternal illicit drug use and incomplete prenatal antiretroviral regimens, in a multivariate analysis adjusted for race/ethnicity, source of medical insurance, mode of delivery, birthweight (< 2500 g vs ‡ 2500 g), and year of infant birth (analysis not shown). Of 1472 deliveries in which perinatal HIV prevention was provided and complete data on all factors were available (50 of the 53 infected infants [94%] and 1422 of the 1540 uninfected infants [92%]; Table 2 ), maternal illicit drug use was significantly associated with perinatal HIV prevention failures (adjusted OR = 2.45; 95% CI =1.30, 4.62) compared with the group with no report or no mention of illicit drug use, as were 3-arm antiretroviral regimens with prenatal zidovudine alone versus 3-arm antiretroviral regimens with prenatal zidovudine in combination with other antiretroviral drugs (adjusted OR =1.88; 95% CI =1.01, 4.62).
Multivariate Analyses
We performed a multivariate analysis to examine the association between lack of prenatal care and characteristics including maternal illicit drug use, race/ethnicity, source of infant's medical insurance, and year of infant birth. Among the 2187 deliveries with complete data on all characteristics during 1997 to 2003, maternal illicit drug use was significantly associated with lack of prenatal care (adjusted OR = 5.71; 95% CI = 3.83, 8.51) as (12) 282 (9) Mother refused testing during pregnancy 3 (< 1) 8 (< 1)
Testing information unknown 37 (3) 45 (1) well as with lack of medical insurance (adjusted OR = 2.81; 95% CI =1.32, 5.94). We also conducted a multivariate analysis to examine factors associated with preventing perinatal HIV transmission, including the use of prenatal antiretroviral therapies and the delivery type. Among the 2059 births during 1997 to 2003 with prenatal care and known infant HIV status (Table 3) , the strongest factor associated with prevention of perinatal HIV transmission was use of a 3-arm antiretroviral regimen, particularly regimens containing prenatal zidovudine in combination with other antiretroviral drugs. Maternal illicit drug use and a birthweight of less than 2500 g were significantly associated with transmission. Transmission rates were similar for Black and Hispanic infants, but White infants were 3 times more likely to be infected with HIV than were Black infants. Compared with infants in the sample who were born in 2003, those born during 1997 to 1999 were 3 to 4 times more likely to be infected. Delivery mode had no significant effect. Eight of the 138 infected and 21 of the 1921 uninfected infants in this analysis were breastfed, but breastfeeding was not included in the analysis because duration data were not collected.
DISCUSSION Successes in Perinatal HIV Prevention
We provide a comprehensive, historical perspective on efforts to eliminate perinatal HIV infection in New York City during a 10-year period. The successful reduction of perinatal HIV transmission in New York City is a result of the culmination of efforts on the part of the medical community and local and national public health institutions. Improved identification of HIV infection status before delivery and prenatal treatment with combination antiretroviral therapies during pregnancy contributed to a significant diminution in perinatal HIV transmission. With effective interventions, perinatal HIV transmission can be almost completely prevented. 25, 26 Successes in preventing perinatal HIV transmission have not been mirrored in resourcepoor countries. 27 Breastfeeding is a known risk factor for perinatal HIV transmission 28 ; the recommendation to avoid breastfeeding presents challenges when safe alternatives to breastfeeding are not readily available and where breastfeeding is the cultural norm. Nevertheless, the prevention of perinatal HIV transmission remains an important goal for public health throughout the world. 27 There were declines in both the number of HIV-exposed deliveries and in perinatal HIV transmission rates. In New York City, the decrease in the number of HIV-exposed deliveries began after 1990 and coincided with the decrease in the number of mothers with a history of injection drug use. Although New York City has the largest HIV-infection epidemic among injection drug users of any city in the world, the incidence and the prevalence of HIV infection among injection drug users decreased during1990 to 2001. 29 We observed a decrease in perinatal transmission rates starting in 1997, coinciding with the introduction of prenatal combination antiretroviral therapy. Similar trends in decreasing perinatal HIV transmission rates have been observed throughout the United States. Cesarean deliveries have increased notably starting in 1999. There was no significant difference in perinatal HIV transmission rates with cesarean deliveries compared with vaginal deliveries when stratified by type of prenatal antiretrovirals. In the multivariate analysis, type of delivery did not have an effect on HIV transmission. The interpretation of the data on cesarean deliveries was limited by the absence of data on the timing of the rupture of membranes, the duration of labor, maternal virologic and immunologic characteristics, or maternal adherence to antiretroviral treatments. Data on the duration of breastfeeding were not collected. Because the practice of breastfeeding is discouraged among HIV-infected mothers in the United States, it is likely that the duration was short and therefore did not contribute to perinatal HIV transmission.
Missed Opportunities and Failures of Perinatal HIV Prevention
There were also missed opportunities for perinatal HIV prevention. In 1997 to 2003, 14% of the births had at least 1 missed opportunity and 17% of the infants born to mothers with missed opportunities were HIV infected. The first missed opportunity was lack of prenatal care. Women with a history of illicit drug use were about 6 times as likely to lack prenatal care as women who had no report or mention of illicit drug use. We could not evaluate potential barriers to receiving prenatal care (e.g., language barriers among non-English-speaking immigrants and undocumented immigrant status). We used source of pediatric medical insurance as a proxy for maternal source of medical insurance. Lack of medical insurance was a significant factor associated with lack of prenatal care, and we may have underestimated the proportion of mothers who lacked insurance by using pediatric source as a proxy for maternal source of medical insurance, such as might be the case with illegal immigrants. The second missed opportunity was lack of HIV testing before delivery. Although the percentage of HIV-infected women who were tested for HIV before delivery was high, those who were not tested contributed substantially to perinatal HIV transmission. Our data support the US Public Health Service guidelines that recommend universal HIV testing during pregnancy. 33, 34 The contribution of the third missed opportunity-i.e., lack of prenatal antiretrovirals among women in prenatal care who were diagnosed before delivery-was small. Although most of the pediatric medical records contained information on the mothers' prenatal events, review of only pediatric records introduced a limitation on the interpretation of the data. During 1997 to 2003, HIV infection occurred in approximately 3% of HIV-exposed infants despite apparent recommended perinatal HIV prevention measures. Maternal illicit drug use was highly associated with these failure cases. Illicit drug use is likely to interfere with adherence to treatment regimens. Poor compliance may create a potential for the development of drug resistance and transmission of a drug-resistant virus. 35 
Public Health Efforts in Perinatal HIV Prevention
In New York State, 2 key interventions have been contributing to the early identification of perinatally HIV-exposed newborns: In 1997, universal screening of all newborns for HIV exposure went into effect, and in 1999, New York State initiated mandatory expedited HIV testing of the mother at delivery or of the newborn at birth in cases where the prenatal HIV diagnosis is not known. The key to maximizing perinatal HIV prevention is to provide prenatal care, to diagnose HIV infection before delivery, and to offer the most-effective medical interventions. The Note. AOR = adjusted odds ratio; CI = confidence interval; NS = not significant. a Prenatal zidovudine with other antiretrovirals along with intrapartum and neonatal zidovudine.
Ongoing perinatal HIV surveillance allows for monitoring the implementation of guidelines to prevent mother-to-child transmission of HIV and determining factors that may contribute to perinatal HIV transmission (e.g., inadequate access to care for pregnant women, no receipt of antiretrovirals or suboptimal regimens, barriers to compliance with care, and maternal illicit drug use). Surveillance data can reveal areas that need further effort, especially for hard-to-reach populations. Such areas include outreach to at-risk pregnant women (e.g., women who use illicit drugs) and case management to ensure access to and compliance with prenatal care, as well as early identification of HIV infection and access to the newest interventions available to prevent perinatal HIV transmission. j
